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regions. However, changes in cortical regions are less consist-
ently observed and depend on the experimental paradigm used. 
This view is supported by another meta-analysis (Fitzgerald 
et al., 2006), focusing speciﬁ  cally on studies reporting dorsola-
teral prefrontal cortex (DLPFC) abnormalities. They concluded 
that while abnormalities were reported relatively consistently, the 
direction and laterality of observed changes varied depending on 
the challenge used. Broadly speaking, cognitive challenges used 
in functional neuroimaging of depression can be divided into 
non-emotional challenges and emotional challenges, requiring 
either overt or covert affective processing.
NON-EMOTIONAL COGNITIVE NEUROIMAGING IN CURRENT 
DEPRESSION
Executive function and working memory
Relatively few studies have examined the neural substrates of non-
emotional cognitive deﬁ  cits in unipolar depression. These have 
typically focused on executive tasks that depend on functional 
integrity of the prefrontal cortices. Elliott et al. (1997a) used posi-
tron emission tomography to compare neural activity in controls 
and depressed participants performing a complex planning task. 
They found that while the groups showed similar overall patterns 
of activity, this was globally attenuated in depressed subjects, par-
ticularly in caudate, thalamus, anterior cingulate (ACC), DLPFC 
and ventrolateral prefrontal cortex (VLPFC). Task performance 
in the depressed group was also impaired, suggesting that these 
attenuations may have reﬂ  ected poorer performance.
By contrast, Fitzgerald et al. (2008) used a similar planning 
task with fMRI and reported that depressed participants showed 
increased activity in regions including right VLPFC, DLPFC and 
angular gyrus/cuneus. Unlike patients in the Elliott et al. (1997a) 
study, their performance accuracy was normal. This discrepancy 
may explain the activation differences, with Fitzgerald et  al.’s 
INTRODUCTION
Cognitive deﬁ  cits, such as reduced concentration and poor mem-
ory, are hallmark features of depression listed among diagnostic 
symptoms (DSM-IV, American Psychiatric Association, 1994). 
Neuroimaging techniques provide a means to investigate neurobio-
logical abnormalities associated with depression in vivo. Functional 
neuroimaging can identify brain areas which respond atypically 
to cognitive challenges, and functional magnetic resonance imag-
ing (fMRI) is now widely used to investigate the neuronal basis 
of cognitive deﬁ  cits in depression. Some studies have focused on 
cognitive challenges based on classic neuropsychological domains 
(e.g., executive function, memory). Others have explored cogni-
tive mechanisms of emotional disturbance (e.g., negative bias, 
response to failure). Although results have not been entirely con-
sistent, observed patterns have led to the development of neuro-
biological models of depression based on functionally abnormal 
networks. New techniques and approaches are emerging to advance 
our understanding of disrupted connectivity underpinning cogni-
tive deﬁ  cits in depression. Relationships between clinical features 
of depression and the neural basis of cognitive deﬁ  cits are also 
being explored. Understanding these relationships has implica-
tions for diagnosis and individually tailored treatment strategies. 
Neuroimaging correlates of cognitive deﬁ  cits may be an important 
biomarker for subtypes of depression that respond to different 
treatment approaches. In this review, we will brieﬂ  y discuss recent 
ﬁ  ndings with cognitive activation paradigms, before considering 
how newer techniques and approaches may take us forward, con-
ceptually and clinically.
COGNITIVE ACTIVATION STUDIES IN DEPRESSION
Haldane and Frangou (2006) reviewed functional neuroimag-
ing studies in mood disorders and concluded that most report 
associations between depression and increased activity in limbic 
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patients recruiting additional neuronal resources to achieve normal 
performance accuracy. Fitzgerald et al. (2008) also demonstrated 
increased cortical activity in a depressed group using an n-back 
working memory task where patients’ performance was intact. 
Similarly, Harvey et al. (2005) found increased lateral prefrontal 
and ACC responses in depressed participants performing an n-back 
task, in the absence of any performance deﬁ  cits. Wagner et al. (2006) 
reported enhanced cortical (VLPFC and rostral ACC) activation 
in depressed patients performing a Stroop cognitive control task 
at normal levels. Harvey et al. (2005) suggested that the increases 
in cortical response they observed to their n-back challenge were 
caused by ‘cortical inefﬁ  ciency’. Their participants did not show 
behavioural deﬁ  cits, so greater cortical activity could be a neural 
manifestation of the greater effort required to maintain normal 
performance. Other studies have provided support for this theory. 
Langenecker et al. (2007) found that successful response  inhibition 
in depressed subjects was associated with enhanced cortical activa-
tion. Similarly, Walter et al. (2007) assessed patients’ neural response 
to correct trials only in a working memory task and found increased 
DLPFC activation. This effect was not seen when incorrect trials 
were included in the analysis, suggesting that matched perform-
ance is associated with increased cortical response. Several other 
studies have also reported prefrontal hyperactivity associated with 
intact performance on working memory tasks (Matsuo et al., 2007; 
Walsh et al., 2007).
By contrast, where patients’ performance is impaired, as in the 
Elliott et al. (1997a) study, reduced neuronal response is typically 
observed in cortical regions. Okada et al. (2003) found reduced 
activity in left VLPFC in depressed patients during a verbal ﬂ  uency 
task on which they also performed poorly. Hugdahl et al. (2004) 
found impaired performance and decreased right inferior parietal 
activity in depressed participants during a mental arithmetic task 
(although medial prefrontal function was enhanced). It therefore 
seems that impaired performance is associated with reduced cor-
tical function while normal performance can only be achieved 
through enhanced cortical function.
However, it is not always the case that normal executive perform-
ance is associated with increased cortical activation in depression. 
Barch et al. (2003) reported attenuated activity in depressed partici-
pants to both word and face versions of an n-back task in bilateral 
thalamus, right precentral gyrus and right parietal cortex despite 
no behavioural deﬁ  cit being observed. It should be noted that dif-
ferences were not observed in the prefrontal cortex and also that 
performance was at, or near, ceiling. It is possible that hyperfrontality 
associated with intact performance is only observed for more chal-
lenging versions of tasks. These discrepancies highlight the impor-
tance of careful characterisation of the relationship between task 
difﬁ  culty, performance and brain response. It is also possible that 
differences in patient demographics, severity of illness and medica-
tion status may contribute to the observed discrepancies and these 
issues should be addressed systematically in future research.
Memory
Memory problems are one of the most common cognitive symp-
toms reported by depressed patients; however there are very few 
fMRI studies of non-emotional memory in depression. Bremner 
et al. (2004) found that conceptual memory encoding of a neutral 
paragraph resulted in reduced hippocampal, amygdala and ACC 
activation and increased right frontal gyri activation in depressed 
subjects. By contrast, Werner et  al. (2009) reported increased 
parahippohampal activity at encoding and decreased activity in 
frontal and parietal regions during both encoding and retrieval. 
Performance was unimpaired. The discrepancy may reﬂ  ect dif-
ferences in patient characteristics, in particular their medication 
status (Bremner’s patients were unmedicated; Werner’s were mostly 
receiving antidepressants). Task differences are also a factor, with 
the studies assessing conceptual prose memory compared with 
associative memory for picture-word pairs. However it is also 
important to note that structural hippocampal pathology has been 
widely discussed in some depression subtypes and may represent 
an important confound in memory studies.
EMOTIONAL COGNITIVE NEUROIMAGING IN CURRENT DEPRESSION
Neural responses to emotional tasks in depressed patients have been 
more widely studied using fMRI than responses to non-emotional 
tasks. Studies in normal subjects have identiﬁ  ed the amygdala as 
playing a key role in processing faces and facial emotions (Adolphs 
et al., 1994; Breiter et al., 1996; Morris et al., 1996; Haxby et al., 
2000; Phan et al., 2002). Amygdala function has also been linked 
to enhanced memory for emotional material (Cahill et al., 1995; 
Canli et al., 2000) and general processing of emotional material 
(Costafreda et al., 2008). Emotional disturbance is at the core of 
depressive symptomatology, and cognitive disturbances interact 
with the affective tone of stimulus material. Thus, depressed patients 
show negative biases in attentional and memory processing and a 
tendency to interpret information negatively (Clark et al., 2009 for 
review). In recent years, there have been numerous neuroimaging 
studies focused on the function of the amygdala, and interconnected 
regions, in mediating these emotional processing disturbances.
Face emotion processing
Some brain imaging studies have found that depressed patients 
show greater amygdala response to emotional faces than controls 
(Sheline et al., 2001; Fu et al., 2004, 2008a; Surguladze et al., 2005), 
but others have failed to replicate this ﬁ  nding (Gotlib et al., 2005; 
Keedwell et al., 2005; Dannlowski et al., 2008; Lee et al., 2008) and 
one (Lawrence et al., 2004) reported reduced amygdala response. 
These studies also report group differences in a range of other brain 
areas including hippocampus, hippocampal gyrus, ACC, insula, 
fusiform gyrus, caudate, thalamus, ventral striatum and frontal, 
parietal and temporal regions. However, the exact regions reported 
for each emotion and the direction of the group differences vary. 
These inconsistencies may be attributable to differences in the para-
digms used; for example some have used subliminal stimuli (Sheline 
et al., 2001; Dannlowski et al., 2008) while others have not. This 
highlights a possible role for standardised measures for exploring 
emotional function. As in non-emotional studies, differences in 
clinical characteristics may also inﬂ  uence ﬁ  ndings; both severity of 
depression and medication status may be important variables.
Emotional words and pictures
Although faces are most widely used, there have also been stud-
ies using other emotional stimuli. Siegle et al. (2002, 2006, 2007) 
used self-referential emotionally valenced words and found that Frontiers in Human Neuroscience  www.frontiersin.org  October 2009  | Volume 3  |  Article 30  |  3
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  amygdala response to negative words was both increased and 
 sustained  for  signiﬁ  cantly longer in depressed participants com-
pared to controls. Kumari et al. (2003) used pictures and sentences 
paired to create either a positive, negative or neutral message. In 
response to negative stimuli, they found decreased ACC response in 
depressed patients. Decreased responses in left medial frontal gyrus/
ACC and hippocampus were also observed for positive stimuli. 
Similarly, Mitterschiffthaler et al. (2003) used positive and neutral 
pictures with anhedonic depressed patients and found reduced 
medial orbitofrontal cortex (OFC) responses to positive pictures in 
depressed patients. Interestingly, depressed participants had greater 
response to positive pictures in lateral OFC, an area typically asso-
ciated with negative emotion and punishment (O’Doherty et al., 
2001; Kringelbach, 2005). These ﬁ  ndings suggest that depressive 
anhedonia may be mediated by altered balances in normal emo-
tional processing systems. Different symptom proﬁ  les may be asso-
ciated with differential responses to emotional stimuli, suggesting 
once again that it is important to carefully characterise patient 
groups to understand differences between studies.
Emotional processing biases
An important dimension of depressive symptomatology is the bias-
ing effect of emotional valence on cognitive performance: patients 
are biased towards processing negative information. Dannlowski 
et al. (2007) found that bilateral amygdala response to masked 
negative face emotions correlated positively with a bias towards 
judging faces more negatively, an effect not seen for happy faces. 
More explicitly, Hamilton and Gotlib (2008) examined the neural 
basis of negative memory biases in depression. They reported that 
depressed participants displayed greater right amygdala activity in 
response to negative (but not positive) emotional pictures that they 
subsequently remembered. Memory for the negative pictures was 
also enhanced, suggesting that amygdala hyperactivity at encoding 
could be a basis for negatively biased memory. However, ﬁ  ndings in 
this area are inconsistent; Roberson-Nay et al. (2006) also reported 
greater left amygdala activation in response to   subsequently-
remembered emotional stimuli (faces), but this was seen for happy 
and neutral faces as well as negative ones.
Studies have also considered the neuronal basis of affective 
biases in the attentional domain. Mitterschiffthaler et al. (2008) 
used an emotional Stroop task and showed that behavioural bias 
towards negative stimuli in depressed participants was associ-
ated with enhanced ACC response. Similarly, Elliott et al. (2002) 
reported increased ACC response to sad targets in an affective go-
no go task in depressed patients, but reduced response to happy 
targets; the exact opposite of the pattern observed in healthy con-
trols. See Figure 1.
Sad distracters were associated with enhanced OFC response 
in patients, an effect attributed to a failure to inhibit instinctive 
bias towards sad information. Wang et al. (2008) also reported 
enhanced inferior frontal response associated with reduced abil-
ity to disengage from sad distracters. Similarly, Dichter et al. (2009) 
observed greater activation in depressed patients in a number of 
prefrontal regions, including inferior, and orbitofrontal gyri and 
ACC, in response to neutral targets embedded in sad compared to 
neutral contexts, suggesting that relatively more prefrontal brain 
activation was required to disengage from sad images to respond to 
the target events. Matthews et al. (2009) suggested that inhibitory 
control abnormalities in depression may not be conﬁ  ned to the 
affective domain, observing abnormal inferior frontal and ACC 
function during a non-affective inhibitory control paradigm. 
However, they nevertheless argued that these inhibitory control 
deﬁ  cits may be important determinants of negative processing 
biases in depression.
Performance feedback
Another area where emotional biases contribute to cognitive func-
tion in depression is in a proposed abnormal response to negative 
performance feedback (Elliott et al., 1997b; Murphy et al., 2003). 
Taylor-Tavares et al. (2008) examined the neural basis of this effect. 
They found that compared to controls, depressed participants failed 
to deactivate the right amygdala in response to negative feedback. 
The amygdala deactivation seen in controls may be a defence 
mechanism to allow them to continue with the task without being 
adversely affected by failure, a mechanism which may be reduced 
in depression. Steele et al. (2007) reported an attenuation of the 
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FIGURE 1 | Ventral ACC response to sad targets in depressed patients and happy targets in controls performing an affective go/nogo task. The left panel 
shows the focus of BOLD response and the right panel shows the adjusted BOLD response to happy and sad targets in patients and controls within this focus. 
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normal ACC response to negative feedback in depressed patients. 
The ACC is closely connected with the amygdala and these ﬁ  ndings, 
combined with those of Taylor-Tavares et al. (2008), may suggest 
that response to negative feedback in depression is mediated by 
a dysfunctional balance between the emotional functions of the 
amygdala and the cognitive control functions of the ACC.
NETWORK MODELS OF DEPRESSION
The literature reviewed above highlights the complexity inherent 
in understanding the functional neuroanatomy of impaired cogni-
tion in depression, with various discrepancies and interpretational 
issues still unresolved. Further research in well-characterised sam-
ples will be needed to resolve these issues fully. However, some 
general trends emerge. Speciﬁ  cally, there is strong support for the 
theory that normally performing depressed patients show hyper-
response within lateral frontal regions, while impaired perform-
ance is usually accompanied by hypo-response. These results are 
typically interpreted as representing inefﬁ  cient cognitive process-
ing within prefrontal regions. Negative emotional information is 
more salient to patients with depression compared to controls. 
Functional responses of limbic regions, particularly the amgydala, 
have been associated with biases observed in depressed patients 
towards negative information (faces, words, pictures, feedback). 
The ACC plays a role in both cognitive and emotional processing 
and the interface between them. Many activation studies in depres-
sion suggest abnormal ACC response but the nature of this abnor-
mality (hypofunction vs. hyperfunction) varies widely depending 
on the cognitive challenge.
In general terms, disrupted cortico-limbic circuits, with a key 
modulating function for the ACC may explain both emotional 
biases and cognitive deﬁ  cits in depression, as suggested in an 
inﬂ  uential model proposed by Mayberg (1997) and Mayberg et al. 
(1999). See Figure 2.
This model has been developed and reﬁ  ned in recent years and 
shown to have diagnostic value and a role in predicting treatment 
response (Mayberg, 2002, 2003). Network models of depression, 
directly generated from functional neuroimaging results, can be 
tested explicitly using new connectivity analysis techniques.
CONNECTIVITY ANALYSES
The consensus view holds that depression is mediated by disrup-
tions within networks of interconnected brain regions, rather than 
depending on abnormal function within a particular region. While 
the results discussed above are certainly supportive of this view, 
more recent approaches have addressed connectivity directly. One 
approach is to explore the extent to which response in different 
brain regions is intercorrelated. For example, Hamilton and Gotlib 
(2008) demonstrated that right amygdala response to remembered 
negative pictures was more strongly correlated with ipsilateral hip-
pocampus and caudate-putamen response in depressed subjects. 
A similar approach is to consider functional coupling between brain 
regions in response to particular cognitive challenges. Several studies 
have explored functional coupling of the amygdala and prefrontal 
regions (Johnstone et al., 2007; Siegle et al., 2007; Chen et al., 2008; 
Matthews et al., 2008). Matthews et al. (2008) reported reduced 
functional coupling of the amygdala and supragenual ACC during 
emotion processing associated with increasing severity of depres-
sion. Similarly, Chen et al. (2008) reported increased functional 
coupling of amygdala and ACC during face emotion processing 
following antidepressant treatment (i.e. as symptom severity was 
reduced).  Siegle et  al. (2007) observed that depressed patients 
showed enhanced amygdala response during emotional tasks, 
reduced DLPFC response during executive tasks and a decreased 
functional coupling between amygdala and DLPFC, highlighting the 
importance of the cognitive challenge in exploring connectivity.
A more comprehensive approach to connectivity is to use tech-
niques such as structural equation modelling and dynamic causal 
modelling to explore changes in a pre-speciﬁ  ed network of regions. 
Using this approach, Schlosser et al. (2008) assessed connectiv-
ity associated with a cognitive control task (Stroop) and observed 
enhanced task-related input from the dorsal to rostral ACC in sub-
jects with depression, perhaps signalling a failure to downregu-
late rostral ACC function in an inhibitory control context. Recent 
unpublished work from our team (Goulden et al., 2009) suggests 
that there are also abnormalities when dynamic causal modelling is 
applied to remitted depressed patients performing a face processing 
task, as shown in Figure 3.
In the most explicit test of a disrupted connectivity model to 
date, Seminowicz et al. (2004) applied structural equation model-
ling in a path modelling meta-analysis. This approach tested the 
speciﬁ   city and reliability of Mayberg’s reciprocal connectivity 
model (Figure 2) across different studies. The approach suggested 
different patterns of disrupted connectivity in different subgroups 
of patients, in particular identifying differences between responders 
and non-responders to treatment. Thus for connectivity studies, as 
for regional response studies, it is important to fully characterise 
patient groups in order to compare different results.
The studies reviewed brieﬂ  y in this section suggest that connectiv-
ity approaches to analysing functional imaging data from depressed 
patients represent an important step forward in   understanding 
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FIGURE 2 | Limbic-cortical dysregulation model. Interconnected regions 
are grouped into four ‘compartments’ relating to particular cognitive/
behavioural functions. Within compartments there may be a segregation 
between areas (shown in plain and italic text) showing an inverse relationship 
on different imaging paradigms. These interactions are dysfunctional in 
depression and modulated by successful treatment. Adapted from Mayberg 
(1997) and Mayberg et al. (1999).Frontiers in Human Neuroscience  www.frontiersin.org  October 2009  | Volume 3  |  Article 30  |  5
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the disorder. Effective connectivity between limbic and prefrontal 
regions is disrupted in depression and the nature of this disruption 
depends on the cognitive challenge presented. The Seminowicz 
et al. (2004) study also emphasises that it is important to study 
different subgroups and to consider treatment response.
CLINICAL IMPLICATIONS OF COGNITIVE IMAGING
Many of the studies discussed in this review have suggested impor-
tant relationships between clinical features and functional response 
to cognitive challenges. Some studies have reported correlations 
with severity; others have reported changes in response to treat-
ment. Discrepancies between studies may also point to distinct 
functional response proﬁ  les in different subtypes of depression. 
While a detailed discussion of these issues is beyond our scope, we 
will highlight two areas that illustrate the potential of neuroimaging 
cognition to inform clinical approaches to depression.
REMITTED DEPRESSION STUDIES AS A MODEL FOR TRAIT EFFECTS
Studying the neuronal basis of cognitive function in remitted 
depression provides a model for considering which abnormali-
ties may represent trait effects or vulnerability markers. Despite 
the growing literature highlighting persistent cognitive deﬁ  cits 
and biases in remitted depression, few studies have investigated 
the neural correlates of these cognitive ﬁ  ndings. In a cross-sec-
tional study, Takami et al. (2007) found ACC activity to a verbal 
ﬂ  uency task was attenuated in elderly remitted depressives who 
had experienced multiple previous episodes, though not in those 
who had experienced only a single episode. By contrast, Hugdahl 
et al. (2007) used a longitudinal design to show that with remis-
sion, inferior frontal gyrus and the superior and inferior parietal 
lobule activity to a mental arithmetic task normalized in recurrent 
depressive participants.
Subtle emotional biases may remain in remitted depression, 
even when behaviour has normalised, and functional imaging 
provides a method for assessing these biases. Liotti et al. (2002) 
demonstrated that induced sad mood in remitted patients, but not 
controls, was associated with decreased function in ventromedial 
prefrontal regions and anterior thalamus, while VLPFC showed 
increases. Gemar et al. (2007) found a similar pattern of results in 
unmedicated remitted participants, indicating that these results are 
not due to residual medication effects. Combining mood induction 
and cognitive challenge, Ramel et al. (2007) reported that amygdala 
response to negative words during induced sad mood predicted 
subsequent recall in remitted participants.
There is also neuroimaging evidence for persistent abnormali-
ties in depression in the absence of an induced depressed mood. 
Neumeister et al. (2006) demonstrated enhanced amygdala activa-
tion and reduced ventral striatum activation in remitted partici-
pants viewing sad faces (compared to neutral). In a recent study 
we found remitted participants to have increased neural responses 
to happy faces and reduced response to sad and fearful faces, in 
contrast to the opposite pattern more commonly described in 
current depression. We suggest that this may represent a main-
tenance mechanism for remission with participants suppressing 
the negative emotional biases associated with depressed mood 
(Thomas et al., submitted).
Using remission as a model for trait vulnerability is not without 
interpretational problems. Most obviously, it is unclear whether 
abnormalities in remitted patients represent genuine vulnerability 
traits, or ‘scarring’ from prior depressed episodes. One approach to 
address this confound is to consider never-depressed patients who 
may be vulnerable to developing the disorder. For example, Chan 
et al. (2009) have reported enhanced response to fearful faces in 
highly neurotic subjects considered at risk for depression. Similarly, 
Input: sad faces
A OF
FG
V1
FIGURE 3 | Sad face processing in remitted depressed patients. The left 
panel shows attenuated bilateral hippocampus and fusiform signal in patients 
compared to controls. The right panel shows altered connectivity in patients 
obtained via dynamic causal modelling. The model tested was a right 
hemisphere model comprising primary visual cortex (V1), fusiform gyrus (FG), 
Amygdala (A) and orbitofrontal cortex (OFC). Connections shown in blue are 
stronger in patients (signiﬁ  cant at p < 0.05 corrected for boldest arrow) while 
those in orange are weaker in patients (signiﬁ  cant at p < 0.05 corrected for 
boldest arrow). Data acquired at the Wellcome Trust Clinical Research Facility, 
Manchester (Thomas et al., submitted; Goulden et al., 2009).Frontiers in Human Neuroscience  www.frontiersin.org  October 2009  | Volume 3  |  Article 30  |  6
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Mannie et al. (2008) have reported impaired ACC response to 
emotional stimuli in young people with a strong family history of 
depression and therefore at risk themselves. However, these studies 
face the problem that relatively few of the subjects will go on to 
develop depression, and only long-term follow up can determine 
whether a speciﬁ  c pattern of response characterises these individu-
als. If imaging cognition could reliably identify individuals most 
vulnerable to depression, it may be possible to develop targeted 
intervention strategies for at-risk people that prevent development 
of depressive symptoms.
TREATMENT EFFECTS ON COGNITION
Serotonergic antidepressants have been associated with altered 
neuronal response to cognitive challenge in normal subjects. For 
example, Del-Ben et al. (2005) reported reduced limbic responses 
to negative faces after acute citalopram. Harmer et al. (2006) and 
Norbury et al. (2007) also reported reduced limbic response to 
negative faces after subacute doses of citalopram and reboxetine 
respectively. Similar ﬁ  ndings have been reported in studies of anti-
depressant treatment in depressed patients. Studies have shown 
that participants who respond to treatment also have normalised 
(i.e. reduced) neural activity to emotional faces when retested 
(e.g. Sheline et al., 2001; Fu et al., 2004, 2007, 2008a). Neuronal 
correlates of response to psychological interventions have also 
been assessed (e.g. Roffman et al., 2005; Linden, 2006; Fu et al., 
2008b). Changes are reported in the neuronal correlates of affec-
tive processing following cognitive behavioural therapy or inter-
personal therapy. Thus, different forms of antidepressant therapy 
directly impact abnormal functional responses, particularly in the 
emotional domain.
Functional imaging of cognitive challenge has also proved a 
potential predictor of treatment response, which has important 
implications for clinical practice (Ressler and Mayberg, 2007). Fu 
et al. (2008b) and Davidson et al. (2003) have reported that sub-
jects who showed greatest ACC response to negative emotional 
stimuli at baseline responded best to antidepressant treatment. 
Meanwhile, Siegle et al. (2006) found that subjects with low sub-
genual ACC response and high amygdala response to emotional 
stimuli responded best to cognitive behavioural therapy.
While considerable further research is needed to explore rela-
tionships between treatment response and cognitive imaging 
abnormalities, these studies suggest an exciting role for brain imag-
ing measures in the development of new algorithms for diagnosis 
and management of depressed patients (Mayberg, 2007). It may be 
possible to identify cognitive neuroimaging biomarkers that can 
predict which patients are likely to respond to a particular interven-
tion (or which intervention is most likely to work for a particular 
patient). It may also be possible to identify which patients are more 
likely to relapse after treatment.
FUTURE DIRECTIONS
In this review, we have discussed a number of inconsistencies in 
the literature on imaging cognition in depression. These discrepan-
cies highlight a need for more comprehensive reporting in some 
imaging studies, in relation to both clinical features of the sample 
and characterisation of the cognitive challenges used. For exam-
ple, medication status of patients, duration of illness, number of 
  previous episodes and any co-morbidity may all contribute to 
differences between studies. Drawing comparisons between stud-
ies and explaining apparently conﬂ  icting results critically depends 
on clear characterisation of the patients studied. Similarly, it is 
important to carefully characterise controls and match them 
as closely as possible to the patient sample; for example, it is 
relatively common for academic researchers to recruit controls 
among university staff and students, who may not represent a 
typical population sample. Furthermore, it is important for stud-
ies to relate BOLD response as closely as possible to cognitive 
performance. Directly relating regional responses to performance 
levels and considering responses to correct and incorrect trials 
separately, for example, may allow for a clearer understanding of 
the relationship between neuronal function and cognition in this 
subtly affected patient group. Thus, future research in this area 
should report subject characteristics and relationships between 
BOLD response and performance as comprehensively as possible 
to facilitate cross-study comparisons.
Although our review has largely focused on BOLD contrast 
fMRI, other imaging modalities have also been used to study 
cognitive function in depression. For example, magnetoencepha-
lograpy (MEG) and electroencephalography (EEG) have been 
used and provide greater temporal resolution than fMRI, which 
may be important in studying processes like emotional arousal 
or inhibition (McNeely et al., 2008; Moratti et al., 2008). It is 
also clear that combining this approach with fMRI may help 
explain some of the discrepancies in the literature. For example, 
Wacker et al. (2009) combined fMRI and resting EEG to assess 
responses in reward systems associated with anhedonia. This 
multimodal approach showed that anhedonia was associated 
with reduced response to reward (fMRI) but also increased rest-
ing state activity in the nucleus accumbens (EEG). These results 
suggest that multimodal imaging represents an important future 
research direction.
Our review also highlights theoretical directions for future 
research, to test speciﬁ  c hypotheses arising from the existing lit-
erature. As discussed above, there is something of a dearth of non-
emotional cognitive imaging. Future studies are needed to explore 
the relationship between performance and prefrontal function, 
systematically varying task difﬁ  culty to determine whether this is 
a critical determinant of hyper- vs. hypo-frontality. Furthermore, 
there is a need for a fuller exploration of the neural correlates of 
memory dysfunction, given that this is one of the commonest 
cognitive symptoms reported by patients. Memory dysfunction 
is reported most frequently in elderly patients with depression, 
and functional imaging studies are needed to relate this structural 
pathology in the hippocampus and to compare memory problems 
in late life depression with those observed in other conditions (mild 
cognitive impairment or early Alzheimer’s disease).
Although the neuronal basis of emotional abnormalities has 
been studied more widely, further research is needed to relate these 
abnormalities more closely to clinical symptoms. Many studies have 
used rather heterogeneous clinical samples and future studies could 
compare subtypes of patients with distinct patterns of symptoms 
and with distinct aetiological features. Longitudinal studies in this 
area will also be critical in understanding how emotional abnor-
malities relate to response to different treatments and long-term Frontiers in Human Neuroscience  www.frontiersin.org  October 2009  | Volume 3  |  Article 30  |  7
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to masked negative faces is associated 
with automatic judgmental bias in 
major depression: a 3 T fMR1 study. 
J. Psychiatry Neurosci. 32, 423–429.
Davidson, R. J., Irwin, W., Anderle, M. J., 
and Kalin, N. H. (2003). The neural 
substrates of affective processing in 
depressed patients treated with venla-
faxine. Am. J. Psychiatry 160, 64–75.
Del-Ben, C. M., Deakin, J. F., McKie, S., 
Delvai, N. A., Williams, S. R., Elliott, R., 
Dolan, M., and Anderson, I. M. (2005). 
prognosis. For both non-emotional and emotional cognitive 
 neuroimaging, future research should exploit modern connectivity 
techniques to test network dysfunction hypotheses of depression.
Finally, brain imaging offers a powerful approach to exploring 
how genetic and environmental factors interact in conferring 
vulnerability and resilience to depression and large, systematic 
studies are needed in this area. As discussed above, this would 
provide the background for identifying neuroimaging biomar-
kers of both depression vulnerability and effective treatment, 
thus realising the potential of functional imaging in diagnosis 
and management.
CONCLUSIONS
In this review we have brieﬂ  y summarised recent neuroimaging 
studies of non-emotional and emotional cognition in depres-
sion. These studies suggest that impaired executive function in 
depression is associated with inefﬁ  cient cortical (and particularly 
lateral prefrontal) processing. Normal levels of performance can 
sometimes be achieved through recruitment of additional process-
ing resources reﬂ   ected in prefrontal hyperfunction. However, 
when normal performance cannot be achieved, prefrontal func-
tion is reduced. Emotional processing, particularly of negatively 
valenced material, is facilitated in depression and this is mediated 
by enhanced function of limbic regions, including the amygdala. 
The ACC plays a critical but complex role in depression, mediat-
ing the balance between limbic and cortical function in a context 
dependent manner. Models of cortico-limbic dysfunction (nota-
bly that of Mayberg, 1997; Mayberg et al., 1999) can explain this 
pattern of results, and modern connectivity techniques provide a 
means to test these models explicitly. Recent studies have started to 
identify the neurocognitive signature of vulnerability to depression 
and to assess and predict response to different treatment options. 
Neurocognitive assessment of depression using functional imaging 
therefore has exciting implications for diagnosis and treatment.
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